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A CONCIDENCE TECHNIQUE FOR PAPER CHROMATOGRAPHY OF SOME BIOLOGICALLY 
IMPORTANT COMPOUNDS 

The almost explosive growth of chromatographic methods during re- 

cent yeers has provided us with powerful tools for the separation of a 

vide variety of chemical substances. Such diverse materials as complex 

macromolecules of biological systems or the fission products from atomic 

piles have been effectively separated by these new methods. 

The impetus given to the use of paper chromatography by the Cam- 

bridge group of workers under A.J.P. Martin has resulted in the great 

popularity of this technique. The isolation and identification of trace 

quantities of a host Of natural and synthetic substances has thus been made 

possible. 

The Rf value or ratio; of distance traveled by substance to the distance 

traveled by solvent front, is generally used as the criterion of Identity. 

If two substances have the same Rf values in two or more solvent systems, 

they are assumed to be identical. But although one often sees in the 

literature, Rf Values quoted to an astonishing degree of precision, experi- 

ence shows that Rf values are at best only a rough guide, and should not 

be used as the sole means of identifying a substance. 

Rf values are dependent on a large number of variables, among which 

may be mentioned: 

1. Composition of development phase 

2. Kind of paper 

3« Direction of paper 

k.    Manner of development (descending, ascending, ascending-descending, 

radial). 

-1- 
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5» Length of paper used for development 

6. Distance of starting line from solvent 

7« Concentration of solute 

8. Presence of other substrates 

9« Temperatura of development 

The uncertainty accompanying the identification by Rf values alone 

Is Illustrated very pertinently from the following case study from some 

of our own work on the radiolysis of adenine. The first elide is an 

atttoradiograph of an irradiated solution of adenine* Two major products 

are indicated, A and B. We Identified A as 4~6»diamino 5-formamido 

pyrimidine and B as 8-hydroxyadenine. The chromatographic identification 

was further confirmed by chemioal test and ultraviolet spectrophotometry. 

However, at the same time another group of workers reported that com- 

pound B was Adenine 1-N-oxide, basing their identification on Rf values. 

The following Rf values for 8-hydroxyadenine and Adenine 1-N-oxide indi- 

cated that no differentiation could have been made on this criterion alone: 

An0OTE-8-GH    ADERDJE-l-R-OXirE 

Eropanol-Ammonia-Water ,kj . 51 

Butanol-Propipnie Acid .61 .66 

Isobutric Acid-Ammonia .54 .58 

Butanol-Water .62 ,6k 

To establish the identity of compound B the ohromatography oftthe 

original sample was repeated, adding adenine-1-N-oxide as a carrier. (The 
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solvent systems veré composed of Fropanol»Aramonia-Water and Butanol- 

Eropionie Acid-Water.) The next slide demonstrates the results obtained. 

The bright areas on the shadowgram are the Adenine-1-N-oxide and the 

residual adenine» The dark spot B on the autoradiograph appears to be 

coincident with the bright area on the shadowgram. 

The experiment was then repeated in two other solvent systems. Isobutyric 

acid-ammonia and Butanol-Water. The results are shown in the next slide. 

The spot produced by the unlábeled Adenine-1-N-oxide has shifted further 

away from the radioactive spot B> as shown in slide #3. If B was indeed 

Adenine 1-N-oxide, the radioactivity and the absorption would have coin- 

cided in both systems as in the case of the residual Adenine. 

In our experimental work we have developed a technique which gives 

unambiguous results, ultraviolet absorption photography has been used 

as early as 19^9 by Markham and his co-workers for the location of purines 

and pyrimidines. Autoradiography has been extensively used since the 

pioneering work of Calvin and his associates with (r  . In the work we 

are presenting, the two techniques have been combined as one operation. 

This method has been successfully used for purines, pyrimidines, amino 

acids and sugars» C^ labeled compounds are used as starting materials 

in all reactions studied. Non-radioactive carriers of the assumed resultant 

products of the experiment are added to the original material before 

spotting. The material is co-chromatographed in two dimensions on Whatman 

No. k paper, previously washed with oxalic acid. 
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Autoradiographs are prepared by placing an x-ray film in close con- 

tact with the chromatogram for a period determined by the amount of radio- 

active material present. This time may range from one day to six months. 

We have found that 10,000 dpm or five micromicrocuries produce* a spot on 

the x-ray film in approximately a week. Radioactive compounds appear as 

dark spots on the transparent x-ray film. If the radioactive products are 

identical with the carriers, the dark spots on the aut©radiograph will 

correspond precisely to the brightenings of the shadowgram 

When working with purines, pyrimidinee, and other ultraviolet 

absorbing products, the shadovgrams are prepared by shining an ultraviolet 

light through the chromatogram on to Kodagraph contact paper. A O.S. 

germicidal lamp was used as the uv source from a distance of ten inches. 

The time of exposure is 1-2 seconds. To insure close contact of the papers 

and therefore sharper prints, a sheet of vycor glass which transmits light 

of the wavelength at which purines and pyrimldines absorb is placed 

between the light and the paper. The ultraviolet absorbing areas on the 

chromatogram appear as well-defined white spots on a dark background. 

The next slide illustrates an experiment confirming the formation of 

adenine by the electron irradiation of a mixture of CH^, NH / Hp0. 

Radioactive compounds appear as dark spots. The non-radioactive carriers 

appear as bright spots on a dark background. 

For greater certainty, the area corresponding to the matching dark 

and bright spots is cut out from the paper chromatogram, eluted with a 

suitable solvent, and rerun in two different solvent systems. This is 
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the equivalent of analysis In four single systems by any other means. 

If coincidence is established vith this repeated procédure, the positive 

identification of the material can be assumed. 

Vith amino acids or sugars, the carriers are located on the chroma- 

togram with the aid of a color reaction. The shadowgram is prepared in 

the same manner as for the purines and pyrimidines, but a visible light 

source is used instead of an ultraviolet light. The colored areas absorb 

the light and a well-defined bright spot appears on a dark background. 

The following three slides demonstrate the results obtained with purines 

and pyrimidines, with amino acids, and with sugars. In all these cases, 

it is understood that the amount of radioactive material is insufficient 

to be detected by a shadowgram alone. 

This identification technique can be performed in reverse order also. 

When starting with unlabeled material, a radioactive carrier is added 

before spotting. The amount of radioactive product should be below the 

limit of detectability for the shadowgram but large enough to produce a 

dark spot on the x-ray film. (The limit of detectability for purines and 

pyrimidines is about 0.003 ug of material. For amino acids, the limit is 

,0k ug). 

The next slide Illustrates this reverse procedure. The identification 

of a trace amount Guanine which was synthesized during the thermal poly- 

merisation of amino aside. 

Our work has been primarily concerned with purines, pyrimidines, amino 

acids and sugars. This coincidence technique, however, can be applied to 
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many other compounde which will give a color reaction such as fatty acids, 

peptidee, steroids, etc., in fact, to any compound which can absorb ultra- 

violet or visible light. The application of this coincidence technique 

provides an unambiguous identification of compounde without the uncertainty 

involved in using Rf values and often eliminating the need for tedióos 

chemical analysis. 
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Fig. 4.   Percentage enzymatic activity of crystalline pig heart LDTI, 
(O) and  rabbit  muscle LDH,  (©) isozymes  after inhibition with 
p-iaercaptoethanol at the concentrations indicated.  Pyruvate was used 

as substrate 

homogonates in normal human serum in order to simulate 
more closely the situation .which arises in myocardial 
infarction. In these experiments it was verified, by calcu- 
lation on the base of data observed with homogenates 
alone, that the degree of denaturation by urea in the serum 

■corresponded with that received. Our observations of 
denaturation with 1-5 M urea in the conditions described 
indicate that this technique would be useful for separating 
the monomers occurring preponderantly in the heart 
tissue from others for clinical purposes; certainly the test 
described is simple to carry out. 

After we had propared our communication, Hardy 
(Nature, 206, 933; 1965) published work concerning tho 
denaturation of LDH of human and liver homogonates by 
urea. The concentration usqd by him was higher (2-6 M). 
At this concentration our curves show nearly completo 
denaturation of all isozymes studied! This difforonce 
might well be due to the shorter incubation period used by 
him. Also.the fact that the co-enzyme was added to the 
incubation solution may contribute to differences in tho 
results. 

This work was supported by the Sigrid Jusélius Founda- 
tion, Helsinki, Finland. » .„„   T- 
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Ultra-violet Spectroscopy in the Analysis of 
Chromatograms 

THE sensitivity of the normal human oyo to light does 
not extend far below 400 m¡j.. Nevertheless, ultra-violet- 
absorbing compounds appoar as dark spots on papor 
chromatograms illuminated with ultra-violot light. This 
18 due to absorption of tho light boforo it can excito tho 
fluorescenco of the paper, and constitutes ono variety of 
quenching. Compounds which, fluorosco in ultra-violot 

be detected on papor chromatograms if thoir 

fluorescence oxceods that of tho surrounding paper. The 
light sources commonly employed omit tho morcury lines 
at 254 m¡A or 306 m^t. In chromatograms of .biological 
extracts tho short-wavo lamp detects principally tho 
absorbing compounds and tho long-wavo lamp fluorescing 
compounds. Beyond this tho method possesses littlo 
inherent specificity. Thus compounds such as cortisone, 
nicotinic acid, caffoino and uric acid (Xm»x 240, 200, 
273 and 292 m a rospcctivoly) all appoar indfctinguishnblo 
as dark spots undor tho short-wavo lamp. Furthermore, 
for substances such as oestrogons, tho absorption maximum 
(280 mu) of which is very different from tho 254 mji 
emission' of the handlamp, tho method is relatively 
insensitive. A need thoroforo exists for an instrument 
with which absorption and aotivation maxima can bo 
rapidly dctorminod on tho paper. I havo accordingly 
designed an ultra-violet spectroscopo in which tho ultra- 
violet light is shifted to tho visiblo region by tho fluores- 
cence of either the paper itsolf or a superimposed screen. 

Tho light source, an 'Osram* 450-W xenon arc, provides 
an ultra-violot continuum. After passing through a 
quartz prism monocliromator (Schooffol Instrument Co., 
Wostwood, N.J.) with variablo oxit slit, the light emerges 
through a I iaîr x î in. rectangular aporturo as a 
slightly divergent beam which illuminates tho chromato- 
gram. Tho latter is attached by spring clips to a frame, 
which can bo moved manually in throe planes, or bv a 
motor in the direction of solvent flow only. A screen 
coated with a suitable phosphor can bo placed in position 
over the illuminated portion of the chromâtogram if 
desired. Among several phosphore examined, ZnSiO, : Mn 
and (Sr, Mg)3(P04). : Sn wore found to bo tho most goner- 
ally usoful. The formor is slightly phosphorescent, but 
not ©xccssivoly so. It provides a bright illumination over 
tho rango 230-295 mu and 330-400 mu. Tho latter exhibits 
a continuous though less intonso fluorescenco over tho 
rango 230-370 imt, and is thorefore suitable for rapid, 
routino searching. To obtain linear wave-length drive 
the prism is rotated by moans of a cam, which is attached 
to a digital counter. Tho optical arrangement is shown 
in Fig. 1, and tho assembled apparatus in Fig. 2. 

In order to make a visual estimate of tho absorption 
maximum of a compound on a chromatogram, tho wave- 
length knob is rotated until tho spot is darkest. Tho 
fluorescent screen may bo needed to próvido adequate 
background illumination. With certain'compounds tho 
maximum is best approached from higher wave-lengths, 
as the absorption does not always fall off as sharply below 
tho maximum. It is desirablo that the brightness of tho 
papor or screen should remain constant while tho wave* 
longth of tho incident light is variod. To accomplish this 
a socond cam can bo used to vary tho slit width at different 
wavo-lengths, so as to compensate for changes in tho 
output of tho xonon arc, tlio dispersion of tho mono- 
chromator, and the spoctral responso of tho paper or 
screen phosphor. 

CHROMATOGRAM 

Fig. 1.   Optical arrangement of the ultra-violet spectral 
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Fig. 2.   Tbe assembled spectroscope 

If 'Kodabromido F5' or othor suitable photographic 
paper1 is placed in contact with tho chromatogram, a 
record of absorbing or fluorcscing2 compounds can be 
obtained at any desired wavo-longth within the oporating 
rango of tho instrument. If tho ont iro strip is to bo photo- 
graphed tho rectangular aporturo is roplaced by a narrow 
slit, past which tho paper is drawn oithor by hand or by 
means of a motor. Arnold et al.3 describod a similar 
arrangement for photographing chromatograms, but thoy 
used a mercury sourco, which would only be suitable for 
observations at certain wave-lengths. 

For tho determination of tho activation spectrum of a 
fluorescont compound tho screen is best avoided, as its 
fluorescence may mask that of the compound under 
study. Tho wavo-longth knob is rotatod until maximal 
fluorescenco is produced. Tho point at which this occurs 
will differ slightly from tho true activation maximum of 
tho compound, bocauso the intensity of the light issuing 
from tho monochromator increases with wave-length 
(unless tho slit is automatically adjusted by means of a 
cam). However, a reasonable approximation can be 
made. 

Another application lies in tho analysis of thin-layor 
chromatograms. For this purpose the addition of 10 por 
cent ZnSiO.. : Mn to tho solid phase converts the plate 
iteolf into a fluorescont screen. Bettor contrast is obtained 
with this tochnique than with tho scroon superimposed on 
a papor cliromatogram, which absorbs a significant pro- 
portion of tho incident light. It was found that quantities 
of oestrogons which were barely dotoctablo under the 
254 nui handlamp could easily bo soon with the speotro- 
scopo set at 2S0 mu,.' 

Tho foregoing description has chiefly been concerned 
with tho analysis of compounds on chromatograms. 
Analogous results can be obtained with compounds in 
solution in quartz euvottes. To facilitate the observation 
of small changes in optical donsity a reforonco cell contain- 
ing tho solvent alono is placed alongside the unknown 
solution. With the aid of the fluorescont screen, absorp- 
tion maxima can bo ostimated in exactly the same way 
as on paper. For oxamplo, as little as 2 ug cortisol in 
1 ml. absolute othanol could bo spectrally analysed; and 
the end-absorption of absolute othanol was discernible 
below 220 nt(x in comparison with a reforonco coll contain- 
ing water. 

The apparatus can bo adapted for automatic scanning of 
chromâtographic strips at a givon wave-length, or for 
recording tho absoiption spectra of compounds on 
chromatograms. Modifications of existing spectrophoto- 
moters for such purposes have been describod by others'-0. 
The principal advantage of tho present technique is that 
it  provides  a  tool  of high sensitivity,  permitting  tho 

spectral characteristics of compounds to bo studied 
visually. Furthermore, areas which appear only as 
streaks on conventional ultra-violet illumination can 
often bo shown by spoctroscopy to contain several discrete 
spots with different absorption or activation maxima.' 
In this way, full advantage can bo taken of tho high 
resolving powor of the papor or thin-layor chromatogram. 
These developments have boon mado possible by the 
availability of sufficiently intonso sourcos omitting a 
continuous spectrum in tho ultra-violet region. 

This  work  was  supported  by  grants  ,4M-5912  and 
•2A-r>-:,7Q from tho National Institutes of Health. 
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Accumulation and Incorporation of Amino- 
acid in Rat Intestine in vitro 

INVESTIGATIONS of tho absorption of amino-acids from 
tho intestinal tract have usually been concerned with a 
single amino-acid or, in some casos, simple mixtures of a 
few amino-acids1-*. Under physiological conditions, on 
the other hand, an initial stage in tho assimilation of 
dietary proteins is tho enzymatic liberation during 
digestion of a mixture composed of peptidos and 18-20 
free amino-acids'. Because of the interactions between 
the amino-acids in competing for several relatively 
specific transfer mechanisms, the total rate of absoiption 
of amino-acids from a mixture need not be closely related 
to tho absorption rates of the same amino-acids when 
measured singly, but will depend on the composition of 
the mixture present in the intestinal lumen*. There is 
also evidence that during absorption for 1 h of glycine 
in vitro* and of. protein hydrolysate in vivo6 there is an 
incorporation of the absorbed amino-acids into the protein 
of rat intestinal mucosal cells. This communication 
records an investigation of amino-acid transport and 
protein synthesis in rat intestine during absorption of an 
amino-acid mixture in vitro. 

Amino-acid transport was measured over 8 min as the 
entry of 14C-labelled amino-acids into tho tissue water 
and proteins of rings of jejunum prepared from male 
albino rats ranging in weight from 260 to 300 g. The 
rings' (2-5 mg dry weight) were incubated in 2-5 ml. of 
medium containing a mixture of 18 amino-acids giving a 
total amino-acid concentration of 1-7 mM, and containing 
0-4 ue. of a "C-labollod protein hydrolysate ('GFB 25', 
Radiochemical Contre, Amersham). The incubations 
wore terminated by the addition of an excess of an 
unlabellod casein hydrolysate and the rings, rapidly 
removed from the medium, blotted, and transferred to 
3 ml. 0-5 M perchloric acid at 0-5° C. The tissue was 
dispersed with a glass rod and the precipitated protein 
removed by centrifugation. An aliquot of the supernatant 
was counted to give a measure of the amount of labelled 
matorial in the perchloric acid extract. A correction was 
made for the carry-over of label from the medium by 
counting similar aliquots of perchloric acid extracts of 
rings incubated for 15 soc in a medium identical except 
for tho prosenco of the excess of unlabellod casein 
hydrolysate. Apart from this correction no attempt was 
made to allow for tho extracellular space or for any 
non-absorbing tissue present in tho rings. If such correc- 
tions wore mado, tho ratio of the concentration of amino- 
acids in the tissu ó fluid to that in the medium (T/M) 
would tond to increase when tho ratio was greater than 1. 
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